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SYNOPSIS 


M&SMUfiR STUDIES IN LEAD Zl HCUNATE-TIT^NATE-STANNATE 
A thesis submitted 

by 

Veeravanallur Srinivasan Sundaram 
to the 

Department of Metallurgical Engineering 
Indian Institute of Technology, Kanpur 
for the Degree of M.Tech. in Dec. 1968. 

The present work is concerned with the study of the Mossbauer 

Effect in Lead Zirconate-Titanate-Stannate . The compound studied is 

Pb .99 Nb .02 { (Zr .5 Sn .5 ) .88 Ti .12 ) 9g °3’ wfaich eshibits the ^llo^ing 

sequence of transitions- namely, ferroelectric (rbombohedral) to 

antiferroelectric (tetragonal multiple cell) at 95° C, antiferroelectric 
to paraelectric (multiple cubic) at 120° C and paraelectric (multiple 
cubic) to paraelectric (simple cubic) at 150° C. The transition 
temperatures given above were confirmed by dielectric constant and 
hysteresis loop measurements at different temperatures. Using a loud 
speaker driven constant velocity unit the Mossbauer Effect measurements 
were carried out. From the observed spectra at different temperatures, 
the variation of the Mossbauer parameters such as isomer shift, line 
intensity, etc. with temperature were found* The anomalies in the 
Mossbauer line intensity around the two transition temperatures are 
discussed in the light of if. Cochran's theory of ferroelectricity and 
B.D. Silverman's Linear Chain model of antiferroelectricity. 
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CHAPTEE - I 

EEBBOELBCfiaCITY AND ANTIFEMSSELECTHECITY 

A ferroelectric is, by definition, a crystalline solid that 
has two properties. Firstly it belongs to a crystal point group that 
is polar and secondly the polarity can be reversed without destroying 
the crystal . Normally the polarity is reversed by applying an electric 
field so that in an alternating field hysteresis loops are obtained, 
but in at least one ferroelectric, sodium ammonium tartrate the polarity 
can be reversed only by applying a suitable stress (Takagi et al (l)). 

Of the twentyone noncentrosymmetric crystal classes^ except the 
cubic crystal class 432, the remaining are piezoelectric. Ten of these 
twenty piezoelectric classes are characterised by a unique polar axis. 
Crystals in these classes are called polar because they are spontaneously 
polarised. These ten classes are also pyroelectric. Thus the ferroelectric 
crystals belong to the pyroelectric family* However, they constitute only 
that part for which the direction of spontaneous polarisation can be 
reversed by the application of an electric field. Thus a ferroelectric 
crystal is a pyroelectric crystal with a reversible polarisation. 

Since the atomic shifts produced by an electric field can only 
be small, it follows that the two states with opposite polarity will 
differ only slightly from each other and hence a half way nonpolar state 
exists. This means there is a nonpolar state, only slightly unstable, so 
that raising the temperature will change the relative stabilities such 
that, the material at some temperature will transform to nonpolar state. 

In fact most ferroelectric s have a Curie temperature above which they are 



nonpolar; however, this is not an essential feature - for a number of 
ferroelectrics are known which decompose before the Curie temperature 
is attained, e.g., Lithium trihydrogen selenite (Pepinsky et al(2)). 

The ferroelectrics may be simple compounds such as BaTiO^ or 
complex ones such as Bochelle salt. They may have a great variety of 
crystal syametry. The forces between the constituent ions may be largely 
ionic or covalent or even in tormol ocular. The onset of polarity may be 
due to ordering of dipoles that already exist in the structure or to the 
creation of new dipoles by ionic shifts. Merz(3) classifies the 
ferroelectrics as hard and soft ferroelectrics. The hard ones are 
mechanically hard and not water soluble- the Perovskites and other metal 
oxides with related structure belong to this group. The other class are 
mechanically soft and water soluble. The harder ones have a larger 
polarisation usually due to created dipoles and the soft ones have a 
smaller polarisation due to an ordering of dipoles. 

1.2 ANTIPBmELECTMCS 

The concept of antiferroelec tricity arose when it was suspected 
that certain materials showing a high dielectric constant peak and obeying 
Curie-Heiss law above an inversion could be nonpolar rather than forroelecti 
below the transition. Kittel(4) developed the concept of antiferroeleetriei 
before it had been recognised experimentally and made a number of predictioi 
most of which have been borne out by later experimentation . Ho postulated 
an antiferroelectrie to be a material whose subcells shewed a polar 
arrangement but in which adjacent subcells were oppositely polarised giving 
a net zero polarisation and a centre of symmetry. Hence the antiferro elect] 
phase will mot be piezoelectric . 



Jona and Shi race define anti ferroelectric as "an antipolar 
crystal whose free energy is comparable to polar crystal" . The 
consequence of this definition can he seen as follows* The repeat 
unit cell in title anti ferroelectric range is a multiple of the unit 
cell found above tie -transition. Since the anti ferroelectric phase 
is nonpolar, it has no spontaneous polarisation referred to the 
multiple cell- hence it can show no hysteresis loop similar to the 
ferroelectric phase, under reasonable fields. However, in some 
antiferroelectrics double loops are observed under large fields of 
the order of 30 KV/cm. This is because the material becomes 
ferroelectric when acted upon by a sufficiently large field. This 
implies that there exists a ferroelectric structure with free energy 
only slightly greater, in the absence of a field, than that of the 
stable antiferroelectric structure, e.g., PbKrOg (Shirane et al(&)). 

1.3 CfftTgiaA OF gSBHIELBCTHIClTY 

Sometimes it is hard to decide whether a crystalline substance 
is or is not ferroelectric . Each unit cell of a ferroelectric crystal 
carries a reversible electric dipole moment, spontaneously oriented 
parallel to the dipoles of the neighbouring cells. The dipole moment 
can be the resultant of the charges of a simple array of ions as in a 
perovskite cell or a very complex arrangement in a multiple cell. Under 
attainable fields, the dipole moment must be reversible in direction by 
180° and sometimes by other discrete smaller angles that correspond to 
various axes of the cell. By definition it is this reversibility of 
dipoles by a field that constitutes ferroelectricity. Because of the 
random orientation of crystallites, ferroelectricity is harder to 



demonstrate in a ceramic than in a single crystal. In instances where 
a ceramic doesn't show dipole reversibility bat a single crystal does 
so, it seems fair to consider the ceramic as ferroelectric. Most of the 
ferroeleetrics have a Carie point above which they are nonpolar. However, 
of all the attributes only the demonstrated reversibility of an electric 
moment that arises from a polar unit cell is the true effect. 

1.3.1 Bielectri c_Hvatereaia 

The commonly accepted criterion of ferroelectricity is a 
hysteresis loop on a D-E display. This is usually done with a modified 
Sawer and Tower (6) circuit as shown in Fig. 1. The method consists of 
applying an alternating voltage and relating the stored charge to the 
instantaneous voltage. A large integrating capacitor C is placed in 
series with the sample. The voltage across it measures the charge stored 
in the test capacitor, and is conventionally displayed as the vertical 
deflection of an oscilloscope. The applied high voltage is displayed as 
the horizontal deflection. The various parameters in the hysteresis loop 
are measured in the usual way. The hysteresis results from the energy 
needed to reverse the metastable dipoles during each excursion of the 
field. The area of the loop is the energy dissipated as heat within the 
sample. Nonlinearity of the resistance of the sample and its conduction 
can be taken care of by modifying the circuit suitably. 

1.3.2 Dielectric Constant 

The one other possible evidence of ferroelectricity could bo the 
high dielectric constant associated with the transition from polar to 
nonpolar phase. 

The existence of a dielectric anomaly is not of itself a proof of 



ferroelectric transition since antiferroelectric transitions have 
associated with them such anomalies. In addition, large classes of 
materials undergoing various structural and hindered rotation 
transitions will also exhibit discontinuities or breaks in the plots 
of dielectric constant versus temperature, which will not have 
ferroelectricity associated with them. 

A true ferroelectric has a true dielectric hysteresis. It 
also hats a polar structure and has a finite spontaneous polarisation. 

It generally has a dielectric constant peak at the Curie point, a 
domain structure, a high dielectric constant etc. If poled, it can 
show reversible piezoelectric and pyroelectric effects. 

m 

Thus for a true and definite classification all or most of 
the properties should hold good. However, the display of a true 
hysteresis loop can he taken as a true demonstration of ferroelectricity. 

Kanzig et al(7) were the first to report the effect of a 
biasing field on the ferroelectric-paraelectric transition temperature. 
For ferroelectric® the transition temperature increases with the bianing 
fields. This wan followed by demonstration of the double loop in BatfiOg 
above the transition temperature by Cross(8). Here a ferroelectric 
phase is induced on the paranlectric phase by the application of the 
field. 

Antiferro electrics are nonpolar referred to the multiple cell 
and hence do not show dielectric hysteresis. Shirane et al(&) first 
observed double hysteresis in lead zdrconate over a temperature range 
of a few centigrade degrees below the inversion temperature* Here a 
ferroelectric phase is induced on a nonpolar phase because the free 
energy difference between the two phases are small. 



1.3.3 Coflaidaraiiaaa 


A ferroelectric transition is always associated with it a 
volume contraction and an antiferroelectric transition with a volume 
expansion. In antiferroelectrics unlike in ferroelec tries , the 
application of the biasing field reduced the inversion temperature. 

To demonstrate distinctly that a particular material is 
ferroelectric or antiferroelectric , all the physical properties mentioned 
above will have to be studied. Thus the distinction between the two is 
not clear cut; both have a dielectric anomaly and both can show double 
loops under suitable conditions. 

One more test would be the one done by Shirane et al(b). The 
specimen was first cooled through the transition in an electric field 
and its faces were shorted through a galvanometer. On subsequent heating 
the discharge current was observed at the transition. For a ferroelectric 
there would be a discharge current because of the sudden destruction of 
spontaneous polarisation and zero current in an antiferroelectric as it 
is nonpolar. 

1.4 THSOKf OF Ffiaao- ANTIFSHBQ- ELSCTMCiTY 

From the electrostatic relations in a linear isotropie dielectric 
medium, the dielectric constant is given by 

£ - D/B - - (l.l) 

where £ is the dielectric constant, 9 is the dielectric displacement, 

E is the electric field, and P is the polarisation of the medium. 

This analysis neglects the field at each atom owing to the fact 
that the other atoms are polarised, bo rents treated this problem by 




imagining a fictitious cavity cut around the position of the atom at 
which the value of the electric field is desired and then calculating 
separately the local field produced at the centre of the cavity in a 
uniformly polarised medium and the field due to the polarised matter 
contained in the cavity. He arrived at a general expression for the 
effective field ( ) as 

E ,, a E . + X P (l. 

eff appl ' 

(Bef. C. Kit tel) 

where / is the Lorentz factor. 

For not too dense a medium, such as a gas it can be shown 
(Bef. C. Kittel) that 
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where at is the polarizability of the ions constituting the medium. 
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Thu® if —r — N oc tends to 1 the medium is polarised in the absence 
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of a field. More specifically if by some mechanism the quantity ~ N a 
can he shown to vary with temperature such that 
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This when applied to the case of water, with the dipole moment of water 
molecules equal to p would result in a relation 

6-1. ■ 4 " N P— (1.6) 

3k (T-T ) 

i.e. , water would become ferroelectric at <* 1000 °K and in practice 
this doesn't occur. 

Onsager(d) provided a reason why the "Lorentz Catastrophe" 
predicted in many polar liquids does not occur. This is due to the fact 
that random thermal fluctuations of molecules do not take the same form 
for Bystems in which there occurs strong coupling as in widely separated 
dipoles. That is, correlation effects among neighbouring dipoles cannot 
be neglected in treating thermal fluctuations. When these are taken into 
account, no polarisation catastrophe is predicted. 

1.4.1 

In the phenomenological approach one expands the Helmoltz free 
energy as a power series in the polarisation and examines the various 
experimentally determined quantities related to ferroelectric behaviour 
of a solid. For a crystal which is not piezoelectric in its paraelectric 
state, the Helmoltz free energy is expressed as 

F(P,T) » AP 2 + BP 4 + CP® + F o (f) (1.7) 

where F(P,T) is the free energy expressed as a function of the electric 
polarisation and temperature. A, B and C are coefficients expressing 



the dependence of the free energy on the polarisation. F q (t) is the 
normal free energy associated with the interactions other than those 
that are polarisation dependent. The assumptions involved in the above 
equation are (a) the crystal is free and (b) P is the component of the 
polarisation vector along the ferrolectric axis. Cofficients A, B and 
C may he temperature dependent. For the case of a crystal which is 
nonpolar above the Curie temperature, the power series must contain only 
even terms, since the free energy should not depend upon whether the 
crystal is polarised up or down. 

The differential form of the Helmoltz free energy is 

dF = -Xdx + EdP - SdT (l.8) 


where X is the generalised force, x is the generalised displacement 
(strain in this case), S is the entropy and T is the temperature. 
From eqns* (l.7) and (l.8) it follows that 
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«r E m 2AP + 4BP 3 + 6CP° + 
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(1.10) 


(1.11) 


Thermodynamically, the equilibrium state corresponds to the minimum of 
free energy. The eqn. (l.9) has a trivial solution of E • 0 for 
P * 0. If this point P - 0 represents a minimum in F , (F(P,T)-F o (t)), 
then this state (nonf erro el ect ric ) is the equilibrium state. 

On the other hand if 

2AP + 4BP 3 + 8CP 5 - 


0 


(i.12) 



has a nontrivial real eolation for which F is minimum, then the 
equilibrium state will be determined by which value of P (nontrivial 
solution of eqn. (l,12)) leads to a lower value of F. 

By the above phenomenological approach it has been found that 
the behaviour of a number of ferroelectrics can be predicted if it is 
assumed that A has a temperature dependence of the fora 

A - a(T-T c ) (l*13) 


where a is a constant. Experimentally two different cases have been 
found. One for which B and C are positive and the other with B 
negative and C positive. For the case where B is positive it is 
found, with T > T (i.e. t A is positive), there is only one minimum 
in F , namely, at P - 0. That is, the crystal remains paraeleetric. 
For T < two minima appear at + P g with P g depending on T( P g 

is the spontaneous polarisation) • That is, the crystal is ferroelectric. 
The value of the dielectric constant in either case is 

from eqns. (l.lO) and (l«13) 


_4£_ i_LL- , 2a(T-T ) ♦ 12BP 2 + 30P 4 C 

£ -1 £ « 


for T > T , P • 0 and then 

€5 



Thus £ exhibits Curi e-Weiss behaviour. 

For !4T { eqn. (l.!2> has a solution 



(l.l4) 


(l.l5) 


(i.ie) 


if P 4 is neglected in eqn. (1.12). That is, this solution is good 



only for nail -value of P , i.e.» near T » Then from eqn. (l,14) and 

c 

(l.lfi) the dielectric constant in the ferroelectric phase is given by 


« 2 A + 12B(-=§) . -44 . -4a(T-T ) 


(1.17) 


Thus € variation with temperature is linear above and below T 

c 

with £ * « 0 at T and the two slopes are opposite in nature* The 

ct 

slope below T^ is negative and is twice that of the one above T^. This 
has been found to be more or less correct in the case of tri glycine sulfate 
ref: (Triebwasser(lO))* 

BaTiOg and KNbGg are the cases for which B is negative* The 
transition between phases occurs when the temperature for which the 
nonzero solution of -gp * 0 has the same free energy as that for P * 0. 

At this temperature P changes discontinuously from P ■ 0 to P - P g . 
From eqn. (l.ll) it is seen that there is an entropy change associated 
with a change in polarisation. If it is assumed that B and C are 
temperature independent then from eqn. (l.ll) 


A S «= S -S ■ ®P 

ferro para e 


This entropy change will be associated with it a latent heat, T AS, i.e. , 


2 

L * T • A S » T aP . 

© s 

Materials with B negative (e.g., BaTiOg) suffer a discontinuous change 

in P at T and latent heats have been measured in them, indicating 
€ 

thereby that the transition is of the first order. With B positive, 
there is no discontinuous change in P and no change in heat content. 
Hence these materials undergo a second order transition, exhibiting an 
anomaly in heat capacity hut no latent heat of transition. 



Thus the phenomenological approach seems to indicate that the 
interactions with which ferroelectricity is associated can be regarded 
as snail perturbations rather than major contributors to the lattice 
energy. 


1.4.2 

Theories exploring the ferroelectric interactions on a 
microscopic scale have been applied with reasonable success to KH^PO^ 
and BaliOg. The Lorentz field type of calculations have been performed 
in detail with the latter. Devonshire(ll) attempted to justify his 
assumed free energy function by an analysis of ionic polarizability in 
the BaTiOg lattice. In this treatment each cell of the array of cubic 
cells has in it a charged particle (e.g. , Ti 4 * ion) which is in equilibrium 
under various forces originating from coloumb interactions and short range 
quantum mechanical forces. In the presence of a local field, such a 
charged particle will be displaced from its equilibrium position, resulting 
in an effective dipole polarisation of each cell. This constitutes a 
polarisation of the lattice. The important distinguishing characteristic 
of this treatment is the fact that the lattice cells have no intrinsic 
polarisation but only an induced polarisation. The actual form of 
eqn. (l,14) can be derived by assuming a reasonable dependence ef the 
force field on small displacements from the equilibrium position. 

Slater(l2) treated the problem in a similar manner but took the 
detailed structure into account more exactly by calculating the lorentz 
fields for each of the four different interpenetrating cubic lattices. 

Thus in BaTiO- if Z direction is considered as the polar direction, 
(i.e. , the induced dipoles are to be lined up along & axis) then it is 
found that the Ti-0 interaction is such that an array of dipoles en either 


set of sites causes a strongly enhanced field on the other. To be more 
explicit, Slater showed by such a treatment that the field generated at 
the Ti site by a polarisation, Po , associated with the array of polarised 

4fi* 

& ions is larger than • Po by a factor of 9. The field at the O 

* y 2 

ions generated by an array of dipoles at the Ti position having 
polarisation P^ is also 9 times as large as the lo rents value* It is 

i 

this extraordinarily strong interaction which makes the perovr-skite structure 
favourable for ferroelectric interactions* In fact, all JJ30« materials 
exhibit high dielectric constant whether or not they are ferroelectric. ! 

From the known electronic polarizabilities and published structural 
data it is possible to calculate the total polarisation of the lattice, | 

leaving only one adjustable parameter - namely, the ionic polarizability of 
one of the species of atom. A number of interesting results follow from 
the above model. The magnitude of local fields that are found are quite 
revealing in demonstrating what is going on. In the paraelectric state 

the local field is much larger than the applied field by a factor of 

‘ 4 j 

approximately the dielectric constant which is of the order of 10 . Thus 

| 

large polarising fields occur owing to the favourable arrangement of atoms 

in the lattice. The ratio of fields at various sites is 1.38:0.031:1.05:0.165 

at the Ti, Ba, 0^ and 0^ or 0^ sites respectively* Hence the fields 

along Ti - 0 line are about ten times as great as at other sites in the 
z 

lattice. The same calculation also reveals that the Ti contributes 15j£, 

the 0 574, 0 and 0 134 each, and the Ba 14 to the total polarisation, 

z x y 

Thus here the effect of high polarizability of oxygen ion is seen. 

The next step is the calculation of the only adjustable parameter - 
namely, the ionic polarizability from microscopic short range forces. Inspite 
of the meagre knowledge of these forces, quite reasonable qualitative agreement 



with eqn. (l.7) has been achieved with regard to the order of magnitude 
of the various coefficients such as A, B etc. and the variation with 
temperature. No better agreement can be achieved with these theories 
because of the fundamental assumption of treating the ions as point 
charges. 

Megaw(l3) studied the ABO^ compounds from a structural standpoint. 
She presents a rather qualitative model of ferroeleetricity and antiferro- 
electricity in the perovskites which relates volume and allowed bond 
angles in the fiO g - like Octahedra. This kind of treatment, which 
depends heavily on bond arrangement, is weakened considerably by the 
success of the phenomenological approaches. 

Jaynes(l4) examined the Lo rents field type of treatment given by 
Devonshire and Slater and pointed that the basic assumptions contained in 
this type of analysis may be crude* Fundamentally the assumption of the 
existance of point charges and point dipoles represents a poor approximation 
when it is considered that the actual size of the ions involved- is of the 
order of half the cell size, and the Lorentz field does vary with the 
position in the unit cell. Further it has been shown that the ionic 
polarizability of the constituent ions in particular 0 , is a function 
of the lattice in which the ions are contained (J.B. Tessman et al(l&)). 

Jaynes considers that the high polarizability comes about by a 
perturbation of the electronic states of the TiOg octahedra in BaTiOj 
by the local electric field. Such an analysis can be more revealing than 
the point dipole model in treating the problem of short range forces. 
Unfortunately this model suffers from the problem of trying to assign an 
internal electric field to a structure which essentially eccupies the 
entire cell. Further there is no reasonable* way in Jayne's work to take 



into account the ionic displacements that have since been demonstrated 
conclusively by neutron diffraction studies. The electronic theory, 
however, presents an interesting exercise which will become more useful 
when more is learnt about electronic structure of ioniff or partially 
ionic crystals. 


1.4.3 lj%ttA<?fe..Pyp?>fflical Theppy 

The most promising method of dealing with the problenof 

ferroelectricity at the present stage, seems to be that of treating it 

as a problem in lattice dynamics. This approach is based on the probable 

existence of a low frequency optical vibration just above T of those 

c 

ferroelectrics which show a large anomaly of the dielectric constant. 

For the case of zero damping the dispersion formula for the 
dielectric constant is 

£ 0 °) = \ (l.l8) 


(Born and Huang(l6)), 

where €.*, is the optical dielectric constant, is a measure of 

th 

the strength of the restoring force related to the i optical mode and 
b^ is the strength of the coupling of this mode to the applied field £. 
The static dielectric constant is given as 


£© ■ 


-«© 


(i.io) 


This is the one which becomes very large at T £ since £.*, is only 
slightly temperature dependent. Thus for an anomaly in £« , the second 
term in eqa. (l.l9) should become very large. Assuming that the coupling 
constants h^ remain essentially finite at all temperatures of interest. 



one vould conclude that the restoring force of at least one of the 

vibrational nodes considered here becomes very small or zero at T c » 

It is thus logical to postulate that this particular restoring force 

is proportional to (T-T ) so that eqn. (l«l9) assumes the form of 

c 

Curie-Veiss law. This particular mode can be termed as theferroelectric 
mode. 

Dick and Overhauser(l7) proposed a model for the dielectric 
behaviour of alkali halides on the recognition that the outer electrons 
of an ion, being less tightly bound, are more profoundly affected by 
the application of an electric field than the inner electrons. 

Accordingly the ions with rare gas configurations are regarded as 
consisting of an outer spherical shell of n electrons and a core 
constituted by the nucleus and the remaining electrons. In an electric 
field, shell retains its spherical charge distribution but moves bodily 
with respect to the core. The polarizability is made finite by a harmonic 
restoring force which acts between the core and the shell. The two unknown 
parameters, n and the spring constant of the restoring force are chosen 
by considering the polarizability and ultraviolet dispersion of a gas of 
such model ions. Using this model, they introduced two polarisation 
mechanisms which are neglected in the simple dielectric theory, namely, 
the short range interaction polarisation and the exchange charge polarisation. 
The short range interaction arises when pairs of positive and negative ions 
are moved toward each other because the shells of the ions rspel one another 
and tend to become displaced with respect to the ion cores. This is 
equivalent to the polarisation of the ions, which may have different values 
for negative and positive ions depending on the spring constants and the 
shell charges ne. The exchange polarisation arises from the overlap of the 



ions and the resulting exchange charge. This alteration of the exchange 
charge distribution is responsible for the repulsive force between nearest 
neighbours and gives rise to a net dipole moment per unit volume. This 
shell model has been found to give a satisfactory explanation of the 
dielectric properties of alkali halides and of the lattice dynamics of 
sodium chloride. 

It was shown by Born and Huang(l6) that the condition that a 
crystal should be stable for all small deformations is that all the normal 
- modes should have real frequencies. The limit of stability against a 
particular mode of vibration is approached as the corresponding frequency 
tends to zero. 

On the basis of this and the model of Dick and Overhausei; Cochran(l8) , 
based his theory of ferroelectricity in crystals. For a diatomic cubic 
crystal, he arrives at expressions for th§ frequencies of the transverse 
optic (T.Q)N and longitudinal optical (L.O) modes of wave vector zero as 

M u3 t’= r! - tl C**.* 1 ) C 't'O 1 ' ( 1 . 20 ) 

V\ bO"*. -Ri -1- ll Li '° l (1.21) 

q V 

where M is the reduced mass, V the volume tf the unit cell, 2'e the 
effective ionic charge, and B’ the short range restoring force* The 
second term in eqns. (l.20) and (l.2l) arises out of coloumb interaction. 

The theory also shows that CO T may approach zero without the crystal 
becoming unstable against other vibration modes. The quantities on the 
right of the equation (l.20) may be temperature dependent as the lattice 
vibrations are in practice not completely harmonic so that near T ■■ T^ 
one may write 


2 



where / is the temperature coefficient. Using the relation of 
Lydanne et al(lfl) that 


£ o/ 4 . 


the Curie-W^Sss law is obtained as 


— fc 

o m 


h ( e o, + 2 ) 2 < z ’*) 2 ftt 

o' c 


with the Curie constant C ^ 
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(1.23) 


. Thus from eqns. (l.22) and (l*23) 


as T tends to T it is clear that w_ tends to zero and that £ tends 
€ 1 0 


— catastrophe can be seen as follows. The ionic and 


electronic polarizabilities are 
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These above considerations apply to a diatomic cubic crystal in 
which each atom has surroundings of tetrahedral symmetry. A crystal having 
this symmetry but with n-atoms in the primitive unit cell, has in general 
for zero wave vector (q - 0), n transverse modes (each is degenerate) and 
n longitudinal modes. For such a case Cochran has shown that the relation 
corresponding to Lydanne et al is given as 


£5. , IT 


(1.25) 


£ and 6 are the static and optical dielectric constants * < W A. 

and ( 10 )^ are the frequencies of the longitudinal and transverse optical 

modes for q = 0. The dependence of &. on temperature for ferroelectric 

s 




and other optical frequencies are temperature independent. Similar to 

the diatomic case it is the coloumb interactions, which act in the anomalous 

transverse optical mode against short range forces and thus decrease to , 

an 

are responsible for dependence as in eqn. (l,26) . 

Measurement of the inel astic scattering of slow neutrons (l«20) 

and optical measurements in the far infrared region carried out in SrTiO^ 

(20) have confirmed the assumed dependence as in eqn. (l»26)« 

For the course of the anomalous branch for the nonzero q, the 

following has been deduced by Anderson(2l) * He has shown that the Le rents 

factors determining the local electric field decrease with increasing q. 

Hence it can be expected that coihlomb interactions will play substantial 

role only in the region of wave vectors close to zero. The correctness of 

this conception is again borne out by neutron measurements in SrTi0g(22). 

Cochran also suggested that a transition to an antiferroelectric 

state can also be considered as the result of instability of a lattice 

vibrational mode. The ionic displacements associated with this mode 

would yield a nonpolar structure. The antiferroelectrics like FbZrOg 

obey Curie-Wiiss law above T and have Curie constants of the same 

c 

order ef magnitude as that of their isomorphous ferroelectric substances. 


This suggests that these antiferroelectric materials have associated 
with them an infrared active frequency whose temperature dependence 
can he given as in eqn. (l.22). 

Cochran(l8) showed that the antiferroelectric transition is 
connected with the instability of the crystal lattice with respect to 
the optical transverse phonons with wave vectors lying at the edge of 

the Brillouin zone* In other words in the neighbourhood of the 
antiferroelectric transition the energy of the phonons belonging to the 

end of the optical transverse branch will be anomalously low and strongly 
temperature dependent. Thus the energy of the phonons belonging to the 
beginning (q - 0) of the optical transverse branch will also be small 
and temperature dependent. 

The temperature dependence of this optical branch in crystals of 
the perovskite type was studied in detail by Silvermac(23) . Bis expression 
for the temperature dependent frequency of transverse optical modes from 
the linearised chain model is 

- 1 ( T - (T c *A.T(q)) ) (1.2?) 

For an antiferroelectric AT(q) has its maximum value for q 
belonging to the edge of the Brillouin zone; with decreasing q it 
decreases and is equal to zero for q = 0* Thus in antiferroelectries 
in contrast to the ferroelectrics the whole of the transverse optical 
branch is temperature dependent. 



CMPT8B - II 


M&SSmUEB EFFECT 

The Mossbauer effect is based on a resonance effect- n ame ly, 
ray resonance absorption and emission. Resonance is a familiar 
phenomenon in all fields of physics and technology involved in vibrations 
and waves, such as sound waves, surface waves and electromagnetic waves. 
Unlike in long wave electromagnetic radiations certain basic conditions 
are to be satisfied for the short wave */* radiation resonance. The 
source used for observation of Mossbauer effect is a group of radioactive 
nuclei which in the last stage of their disintegration, decay from the 
excited state 'A' to the ground state *G' of a stable nucleus emitting a 
ray in the process. When this radiation is incident on a substance 
containing the identical nucleus one would expect at first sight that the 
radiation would be absorbed by a resonace effect, in which the stable 
nucleus goes to the excited state. This is not observed* for a closer 
consideration would show that this is quite understandable having regard 

to changes in energy and momentum that occur in a quantum : that is emitted 
by a nucleus. 

For a free atomic or nuclear system of mass *M* with two levels 
separated by an energy '8^ , the nucleus in the excited state will have * 
an energy 'E^ ’ and zero momentum. 



Fig. 2.1 


If the system decays from A to G (Fig. 2.l) by emission of a photon of 



energy Ey , momentum conservation demands that the momentum p of the 
h f 

photon « where f is the frequency of the photon and c is the 

C r 

velocity of light, and the momentum of the recoiling nucleus must be 
equal and opposite. Hence recoiling system receives an energy 


E 
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Energy conservation requires 


( 2 . 1 ) 


£ . Ey + B 

o i 

since 

E 2 

B «. Ey B— (2.2) 

1 2Mc 

Also if X. is the mean life of the excited state A against decay, 
then from uncertainty principle it follows that the energy of the excited 
field cannot be measured sharply but only within an uncertainty given 
by "C F * "tf* where T~ is the width of the energy band of the excited 
state* Actually the excited state cannot be characterised by one well 
defined energy E^ but only by an energy distribution centred around E^. 
Photons emitted in the transition 'A' to ’G 1 thus would show a 
distribution in energy Ey centrdd around E q — K and displaying a natural 
line width • The line width T~ corresponding to a mean life 
X. m kT 8 sec. is about 10” 7 ev. 

Thus when a photon of energy Ey strikes a target if mass M 
which is initially at rest the entire momentum p is transferred to the 
target. The target thus recoils and the recoil energy is again given 
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by 


2 


P 

2M 



This energy must be supplied by the '/* ray. Thus only an energy 
By— B is available for the excitation of the internal degrees ©f freedom. 
Hence to excite a level of energy E &t the incoming •/' ray energy must 
be centred around E^+B. Besonance fluorescence can occur only if some 
of the incoming photons possess enough energy to reach the state A and 
at the same time provide the necessary recoil energy B to the receiving 
system. Thus only the overlapping part of the two spectra centred around 
B^-B and E^+B are responsible for fluorescence. That is, the condition 
for overlap is 2B Z.J". Thus this condition is fully met in optical 
transitions and hence the resonance effect is observed. 

If the thermal motion of the source and the absorber are also 
taken into consideration, the additional thermal broadening, namely, the 
Doppler broadening, would be 

D 2 (IB)^ (2.4) 


where £ is the average kinetic energy of the emitters. Thus T~ is 
not the only dominant part in resonance fluorescence* 

For optical radiations B <. D, emission and absorption lines 
overlap and resonance conditions are obtained; whereas for nuclear 
transitions B is either comparable to or greater than D and thus 
resonance is not always possible. 

In nuclear experiments though the conditions for resonance are 
violated, they can be restored by several means, e.g.» beating up the 



souree and absorber to increase the average kinetic energy and hence 
the overlap of the emission and absorption spectra or by rotating the 
source at a high speed in a rotor with thi source at the tip of the 
rotor so that the */* rays emitted tangentially gain additional energy 
to compensate recoil losses (Moon(24)). However, B.L. Mossbauer's 
discovery is unique in the sense that none of the above considerations 
are necessary. 

Mossbauer was able to prove a "no phonon" absorption process, 
i.e.» the process in which the resonant nucleus embedded in a lattice 
absorbs a ray photon and no energy is exchanged with the host 
crystal (i.e. , JW))» That is, the vibration energy of fche host crystal 
is the same after the absorption takes place, as it was before it. 

However, the nuclear fluorescence in practice is more complicated 
because the nucleus is not perfectly rigidly bound to the crystal lattice, 
also the bond is not so weak that the nucleus is dislodged from its 
position due to recoil- the rays involved are too soft for that. The 
recoil momentum is, therefore, absorbed by the whole lattice. It is, 
however, possible that the recoil energy is lost by the gamma radiations 
because vibrations are generated in the not completely rigid crystal lattice, 
which are ultimately dissipated as heat* 

Thus the theoretical treatments involve the coupling of two 
quantized systems; one, the nucleus which affects a transition between 
two energy levels while emitting the gamma ray and, two, the lattice 
vibrations which are excited during the emission through mechanical 
coupling. 

2.1 CLASSICAL APPROACH 

Begarding the nucleus as a radiation source of frequency f , since 



the nucleus is always subjected to thermal vibrations, the emitted 
electromagnetic wave would show a Doppler shift. If f Q is the ideal 
(no vibration) frequency, then 

f(t) - f o (1 + V(t)/c) (2.5) 


The time dependence of the electromagnetic field associated with this 
radiation for harmonic motion of the nucleus can be given as (Franenf elder) 
+® _ v 

A(t) - JL y J (^-r- 2 ) exp( i( w + 2TnF)t ) (2.6) 

-0D 

with the amplitude of vibration of the source, X(t) , being 
X(t) - X 8 Sin 2 "FT Ft. In eqn. (2.6) X is the Doppler unshifted 
wavelength of the radiation. 

Eqn. (2.6) represents an electromagnetic wave which is a 
superimposition of partial waves of frequencies to » <0 + 2 H Ft etc. 

Thus it is a spectrum at frequencies with the central line at and 

side bands at f + F etc. The amplitude of each wave is given by the 

/2 "d Xq. 

Bessel function J (■ — v )* The nnshifted line is the Uosshaner line 

n A 

whose intensity is 
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For the random movement of the source in a Debye solid 
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Using the approximation 


J e (y) - 1- y 2 A 
iM- -2 21 i < 

m»l 


for small values of y, we have 
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(2.9) 
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Since <C,X 2 : » % 1E.X 2 
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The physical interpretation here is that the continually emitted 

2 

electromagnetic wave comes from a region of linear dimensions X . 

V 

If this linear dimension increases beyond ( ~ ) pieces of the wave 

4)! 

trains emitted from different points in this region interfere destructively 
and the fraction of photons emitted without energy loss decreases rapidly. 

Since ) » l/3 <r 2 > and < r 2 > for a Debye solid 

is given as 


<r 2 > 
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(ftp is the Debye temperature ) 

it follows that 

f = exp ( -3/2 x — (1 + -^TT ) ) (2.12) 

_2 

S 

where <= — 2- . This is called the Debye-Caller factor. 

2Mc 

Instead of Debye's continuum model, if Born-Kasr mann' s lattice 
dynamical theory is evoked one would get the effect of the optical mode 
on 'f '. The result then would be 

f - exp ( - ^ 3 - Coth ( ggr ) ) (2.13) 

o 

which means if two crystals have identical Debye temperature, with one 
being mono atomic and the other possesses a larger unit cell, *f* factor 
will he greater with the more complicated structure. 

Lipkin(25) has given a sum rule for the average energy transfer 



to the lattice as 


H ( (E n ) -JS n ) (P(n f , n.)) - (2.14) 

n f f i 


S and £ are the energies of the lattice states n. and n. . 

n . n. ti 

f 1 

P(n^, n^) is the probability that the lattice will be in a state n^ 

from the initial state n^ after the transition. Thas the average 

energy transferred to the lattice is just the energy which the individual 

nucleus would if it recoiled freely. Mossbauer transition in which 

£ m g do not contribute to the sum rule. Thus for an appreciable 
n f n i 

probability that there be no energy transfer to the lattice, the sum 
rule requires an appreciable probability for an energy transfer which is 
greater than that which a freely recoiling nucleus would receive, i.e*, 
in a lattice where the nucleus can transfer energy to high frequency 
lattice modes. 

For calculating the probability P(n^,n^) that the lattice 
remains in its initial state after the emission, it is assumed that the 
interatomic forces in the lattice are hamonic so that the vibrational 
modes can be represented by normal coordinates. Then 


P(n i# n i ) - exp £ -( (2n g +l) ( ) (2.15) 

s s 

2 2 
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where is the normalisation constant. " is just the ratie 

of the three recoil energy to the energy of the s lattice vibration 

normal mode. At 0®K n g « 0. The exponent in eqn. (2.15) then, is 
just the ratio of the free recoil energy to some average lattice vibration 
energy given as 
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For a Debye solid* set » a constant and take the density of 

2 

lattice moles as proportional t®U) * Then 
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Then 


P( “i’ n i> “ cx *> < - 1 > (2.17) 

Thus all the above expressions (eqns. (2.15), (2.16), (2*17)) lead to 
the conclusion that the probability of gamma ray emission without energy 
transfer to or from the lattice increases with the average energy of the 
lattice mode which are coupled to the recoiling nucleus and the effect 
becomes appreciable when this average energy is of the same order of 
magnitude as the recoiling energy. 

Summarising Lipkin's Sum rule, the characteristics of Mossbauer 
effect depend upon three parameters; namely, (l) the energy of the free 
recoil , (2) the characteristic temperature of bhe lattice, (, Debye 
temperature ) and (3) the ambient temperature* To obtain the effect, 
the lattice temperature should he of the same order of magnitude as the 
recoil energy and the ambient temperature should be low. However, it is 
net always true that ^ will be the main factor affecting f , for 
it is known that in some light elements it is their low mass rather 
than strong binding which gives them a high Debye temperature. The more 
complicated crystals should he chosen for strong binding of the source 
or absorber atoms rather than for high Debye temperature. 



2.2 CONDITIONS FOB THE MQSSBAUSB EFFECT 


It is evident from the above critical considerations that for 

some of the gamma transitions in the nuclei of both source and absorber 

no lattice vibrations are involved. If the effect is to be observed, 

many such transitions could occur in both source and absorber. Hence 

the Mosshauer fraction is higher at low temperature and for softer gamma 

rays. Thus the nuclei transitions for which the Mosshauer effect has been 

observed, therefore, have 4. 150 Kev and for transitions above about 

50 Kev cooling is necessary. Also the width of the excitdd state should 

not be too great . This limits the life time of the excited state to less 
_9 

than about 10 secs. 

2.3 ISOMBB SHIFT 

By Mosshauer effect it is possible to compare the nuclear 
transitions in two materials with high precision. The nucleus is surrounded 
and penetrated by electronic eharge with which it reacts electrostatically. 
The energy of interaction can he computed classically by considering a 
uniformly charged spherical nucleus imbedded in its s electron charge 
cloud. A change in s electron density such as might arise from a change 
in valence, will result in an altered coloumbic interaction which manifests 
itself as a shift in nuclear levels* The effect, however, depends on the 
difference in the nuclear radii of the ground and isomeric state. 

For a point nucleus the electrostatic potential at a distance r 
from the nucleus is 

w _ 

pt r 


(2,17) 


and for a finite nucleus of radius B 
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f (f ~ r 2 /2B 2 ) for r 4 H 
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and 
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The difference in energy can be given as (Werthiem) 
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where 
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(2.19) 


is the s electron density at the nucleus. 
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For source 


Thus for the source the energy difference 
between the ground and excited state can 
be given as 


B - E + ■— Ze 2 
s o 5 


Similarly for the absorber 


T>> 


( B - B*. ) 
ex gd ' 


( 2 . 20 ) 


E 


_ 2 » „ 2 
B + — Ze 

o o 


T.w 


( - B‘. ) 

ex gd 


The Isomer shift (Werthiem) 


I.S. 


E - E 

a s 




( 2 . 21 ) 


T.w - |r.«| ) 


... ( 2 . 22 ) 


Bqn. (2.22) contains the electronic charge density at the nucleus which 
is basically an atomic or chemical parameter since it is affected by the 
valence state of the atom and the nuclear parameters and B^. 

Thus in the absence of hyperfine splitting, the shift in the 
centre of the absorption line would throw light on the valence state of 
the prebod ion provided the sign of £b is known. On the other hand. 



on the assumption that the electronic charge density in an ionic salt 

is the same as in a free ion, the results of Hartee-Fock calculations 

can be need to find the chemical factor and hence a measure of 

would reveal the value and sign of & R. Systematics of Isomer Shifts 
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of Fe as a function of 3d and 4s electron charge density has 
been developed by Walker et al(26). Similar systematics has been worked 
out for tin compounds by Kistner et al(27). 


2.4 COUPLING 


When the spin I of an atomic nucleus is greater than its 
distribution of positive charge is nonspherical in shape. With respect 
to the spin axis, the ellipsoid charge can be either prolate or oblate. 
In case of prolate charge distribution, it can be imagined that the 
positive charge has migrated leading to an excess of positive charge at 
the north and south poles, balanced by a defect of positive charge at 
the equator. The opposite state of affairs occurs with the oblate 
distribution of charge. The nucleus then possesses an electric 
qnadrupole moment Q which measures the deviation of the nuclear charge 
from spherical synmetiy. In terms of nuclear dimensions 


fM 
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(2.23) 


whore f* is the nuclear charge density, r is the distance from the 
centre of gravity of the charge to the volume element d Z and sc is 
the angle between r and the spin axis. 

In atoms and molecules nuclei are embedded in an electronic 
cloud. When the electrons and other charges outside a particular 
qnadrnpolar nucleus have a nonspherical charge distribution, there is 



an interaction between the nuclear field and the external field. A 
nucleus possessing a quadrupole moment, situated in an inhomogenous 
electric field, possesses a potential energy which depends upon the 
orientation of its quadrupole moment with respect to the external 
field. The possible orientations of the spin axis of a nucleus in 
a molecule relative to the axis of rotation of the molecule as a whole 
are quantized. When Q interacts with the electric field E , each of 
the allowed orientations may possess different potential energy* The 
quadrupole coupling energy of a single nucleus is proportional to eQq, 
where e is the proton charge and q is the field gradient. When the 
charge distribution of the electronic shells are spherically symmetric, 
q “ 0. For an atom with one valence electron, the potential energy Y 
due to this single electron at a distance r is 

V - e/r 

and 

"7 » e ( 3cos“& -1 ) / r 3 (2.24) 

dz 

where ® is the angle between r and Z axis. When this is averaged 
over the orbital occupied by the electron, the contribution of the 
valence electron to q is 

4 - tjj ( it (2.25) 

( Bailey et al(28) ) 

where 'f' is the wave function of the electron. 

The field gradient in a general lattice is obtained by applying 
the gradient operator to the 3 components of the field, which itself is a 


vector. Consequently the field gradient is a tensor of rank 3 and 


this referred to the principal axis can be reduced to the diagonal 
for* so that it can be completely specified by — -z , - and — « » 

2>x B>y d z 

all of vfaich would be distinct for a triclinic lattice. Further, 
they obey the Laplace's equation, namely. 
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Defining an assynetry parameter 
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so that 0 £ 'y? ^ 1 » ‘ fchc interaction between Q and the field gradient 
is given as 

H - Q. VS (2.27) 

whose eigenvalues would be 

\ - < 3 ^ - 1 ( 1 + 1 ) ) ( 1 + 7 2 /3 ) ^ ( 2 . 28 ) 

This expression contains only the second power of the magnetic quantum 
number, mg , which means that the substates differing only by sign are 
still degenerate. 

The two fundamental sources of effective field gradient (E.F.G.) 
are (l) the charges in the distant ions and (2) the electrons in the 
incomplete shell of the atom itself. Distant ions contribute to S.F.G. 



can be assigned to the lattice sites, then the B.F.G. at the particular 
lattice site can be computed by the Lattice Sura method* This is greatly 
modified by the atom's own electrons whose wave functions are distorted 
by interaction with the external B.F.G. and as a result create their own 
E.F.G* This is the antishielding phenomenon and the anti shielding factor 
for different ions has been evaluated by Stenmeiher et a! (29). Thus the 
effective E.F.G. is given by 


q * ( 1 - y ) (2.29) 

where is the Stenmeiher* s antishielding factor. 



I.S. 


Kef erring to the above figure and eqns. (2.28) and (2.29) it can be 
seen that 


- i« 2 ( 1-7* )iUi + 3 )* 


(2.30) 


Knowing thejsymmetxy of the lattice, Q of the nucleus and the charge 

state of the ion it is possible in principle to calculate q. 
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For the typical case of Fe or Sn whore the excited 
state gets split into + 3/2 and +• Jr levels the relative intensities 
of the two Mossbauer linos would depend upon the orientation of the axis 
of symmetry to the propagation of gamma rays. In randomly oriented 


crystallites, as in a powder sample, the orientations will have to be 
averaged over a sphere and the result would be that the two lines would 
be of equal intensity. However, it may be mentioned here that an 
assymmetry of the Lamb-Mossbauer factor is bound to introduce changes 
in the observed line intensities. 

2*5 MOSSBATJSB EFFECT AND FEEM'ELEETMCl TY 

Dvorak et al(30) have studied the influence of the anomalous 
branch of the phonon spectrum of the ferroelectrics on the Mossbauer 
effect. The intensity of the Mossbauer line(30) is given as 

W(B) - W o (E) exp ( -2 ) (2.3l) 

where <x denotes the branch of the lattice vibration spectrum and 
Z^ a distribution function involving the mean number of phonons with 
energy and the distribution function g( w ) of the frequencies 

of fehe phonons in branch a and the recoil energy of the nucleus per 
branch ou Thus the intensity of the Mossbauer line is determined by 
the function g( w ), which consists of a normal part g^C to ) and an 
anomalous part g ( ) associated with the ferroelectric transition. 

The normal part is temperature independent and the anomalous part has 
a temperature dependence of the form given in eqn. (l.26). They have 
shown that in the paraelectric phase the energy of these phonons 
( for q * 0 ) decreases with decreasing temperature and when the 
Curie temperature is reached the energy of these optical transverse 
phonons becomes zero. As a consequence, when the temperature ef the 
crystal is lowered towards the ferroelectric transition temperature, 
the probability of tbe excitation of anomalous optical phonons increases 


This hence leads to a decrease in the probability of the Mossbaaer 
effect. 

The effect of similar anomalous vibrational spectrum in the 
antiferroelectric materials on the Mossbaaer line intensity has been 
studied qualitatively by Jhrorak(3l) . He has shorn on the basis of 
Silverman’s model (23) that in contrast to ferroel ectrics of perovskite 
type where, only the long wave part of the transverse optical branch 
lies very low and is strongly temperature dependent, in antiferroel ectrics 
the whole branch exhibits such properties. From this reason a greater 
relative decrease in the intensity of the Mossbaaer line can be expected 
in the neighbourhood of antiferroelectric than of ferroelectric transitions 
Bhide et al(32) were among the first to report work on the 
Mossbaaer effect in BaTiOg doped with iron, as a function of temperature. 
From the E.P.B. studies (Horning et al(33)) and also from the ionic 
radii and valence considerations it is known that Fe replaces Ti 
in BaTiOg and that the Curie temperature falls to zero as the mole 
percent of Fe exceeds 5 % (Nishioka et al(34)). 

On the surface of the as grown single cxystals, about 100 Curie 

S'Y 

active acquous solution of Co Clg was evaporated and the active residue 

was thermally diffused for one hour in hydrogen atmosphere. By quenching 

these single cxystals from 1100° C to room temperature, tbjey were able to 

3*f 

overcome the association of anion vacancies with the Fe ion; for 

otherwise the presence of vacancies would give rise to their own quadrupole 

splitting due to the interaction between the net positive charge at the 

3+ 

vacancy site and the Mossbaaer ion, i.e., Fe . The charge state of the 

Mossbaaer ion was fixed from the observed Isomer Shift relative to an 
5T 

Fe enriched stainless steel absorber and using the systematica of 
talker et al(2d). 



The room temperature quadrupole splitting was 0.48 mm/sec. 

The two lines were of equal intensities as is required for a multidomain 
single crystal. On poling the crystals, by applying an electric field, 
the intensity ratio became 3:1. Thus proving that they arise out of 
quadra polar splitting* 

From eqn. (2.30), since 0 for a tetragonal lattice, 
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knowing the quadrapole moment of F® 1 ' , q was obtained from the 
experimentally observed bB. This agreed fairly well with the S.F.G. 
arrived at from the Lattice Sura Calculation on the assumption of an 
ionicity of about 60$. 

Their measurements of ' f* as a function of temperature showed 

an anomaly around the Curie temperature as required by the Cochran* s 

theory(l8) . Experimentally it was observed that the variation of 

2 / 

with temperature was similar to the variation of P ( P is the 
spontaneous polarisation ) with temperature, eventhough there is yet 
no theoretical correlation between the spontaneous polarisation and the 
field gradient at the assumed ferroelectrically active ion. 

About the same time Bokov et al(35) of the Academy of Sciences 
(U.S.S.K.) reported similar measurements in BaTiOg doped with tin. They 
studied Ba(Ti gSn in polycrystalline fora as absorber with Mg^Sn 

source, kept at -193° C. The Curie point of this doped BaTiOg is 
-142® C. They also observed an anomaly in the variation of *f ’ as a 
function of temperature around —142° C. Except the room temperature spectrum 
and the variation of the Mossbauer line intensity with temperature, they have 
not reported the values of other Mossbauer parameters and their variation 
with temperature. Similar anomaly in ' f’ around the Curie point was reported 



by Chekin et al(36) fro® the study of Mossbauer effect in Ba(Ti g Sn ^Og. 

Sklyarevskii et al(37 ) investigated the variation of parameters 

5T 

of Mossbauer absorption spectrum of F@ nuclei in the ferroelectric 

Pb(Fe^gNb g)0g a® a function of temperature* To get a better absorption 

57 ■ • 

spectrum they used Fe enriched FegOg in making the solid solution. 
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The source was Co diffused in stainless steel . The room temperature 

1. k. was 0.52 ♦ .02 naa/ sec corresponding to Fe and A £ was 

0.37 + .02 mm/sec. They observed an anomalous decrease in *f* and a 

discontinuity in I .is. around T . 

€ 

An interesting piece of work has been reported recently by 
Plotnikova et al(38) concerning the ferroelectric-ferromagnetic substance 
Pb(Fe^gTa^g)0g which has a Curie temperature * -40° C and Neel 
temperature Tjj « -140° C. The measurements were carried out on a 

®V7 

constant velocity mechanical set up with the source Co (Pb). Below the 

Neel temperature poorly resolved magnetic spectrum and between -140° C and 

—40® C i doublet vr were v ■ > observed. In concurrence with Cochran's 

theory the Mossbauer line intensity underwent anomalous changes around T . 

c 

Identical studies were carried out with BaSnOg source and 
Ba(fi 9 Sn , Pb(ZrSn)0g , etc. as absorbers. Surprisingly all the 

spectra of Ba(SnTi)0g and of other tin containing systems had the form 
of a single Lorentzian with a width almost equal to that of natural tin. 
Spectra of these specimens showed no significant changes on passing 

through T . 

€ .. 

Thus their report is contradictory to the earlier ones on the 
Mossbauer effect in ferroeleetrics containing tin* In their systematic 
study of various titmnate and zirconate solid solutions, they report that 
significant chemical shifts occur in solid solutions when B type ions 



of an ABOg compound are replaced by ions of different electronegativity , 
whereas the replacement of A ions has virtually no effect on I.S. 
Apparently changes in B-0-3* bonds have appreciably greater effect on 
the electron density in the vicinity of B ions than changes in weaker 
A-B bonds j here B* is the inpurity ion added. 
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LEAD ZIHCONATjB ASP ITS MODIFIcS? COMPOUNDS 

The exi stance of a marked dielectric anomaly in Lead Zirconate 

was first reported independently by 3oberts(39) and Smolenakii(40) in 

1950* Above the Curie tempera tare (230° C) the dielectric constant 

follows the Curie-^Heias law* Although the character of the dielectric 

anomaly is similar to that observed in BaTiO , it exhibited a volume 

expansion on heating through the transition temperature. Subsequent 

careful studies of the dielectric and the structural properties of 

* b y Sawaguchi et al(4l) established that the phase occurring 

below 230° C is antiferroelectric. 

The correct symmetry of the antiferroelectric phase was found 

to be orthorhombic, with cell parameters a - 5*87 1, b = 11.74 A and 
o 

c - 8.20 A (Sawaguchi et al(4l))* The X ray study of Sawaguchi et al(4l) 
revealed that the structure of the orthorhombic phase is derived from the 
cubic perovskite-type 1 attic essentially through anti parallel displacements 
of Fb ions along one of the original 110 y> directions, which is called 
the a axis. A subsequent detailed investigation of this structure by 
Jona et al(42), on the basis of X ray diffraction photographs of single 
crystals and neutron diffraction pattern of polycrystalline material has 
revealed that the oxygen ions are displaced antiparallel to each other 
in the (001) plane. They also found the existance of some uncompensated 
oxygen displacements along the |j)0l3 axis* As a consequence of these 
displacements the ^001^ axis is polar and hence this phase should 
exhibit piezoelectric effect, in accordance with the results of Boberts(43) 




displacements, was not easily switchable, if at all, because of the 

strong distortion of the oxygen octahedra caused by the antiparallel 

displacements in the (OOl) plane. 

Further, the application of an electric field lowered the 

Curie temperature, and in the vicinity of the transition temperature 

double hysteresis loops were observed, due to the inducing of a 

ferroelectric (fihombohedral ) phase by the applied field (Shirane(5)). 

Thus sunning up, pure bead Zirconate is primarily anti ferroelectric, 

it does not display evidence of strong polarity and pyroelectric and 

piezoelectric effects are small. 

Sawaguchi(44) showed that substitution of about 3 atomic 

percent Ti^* for lr^* in anti ferroelectric Lead Zirconate brings 

about a ferroelectric phase in a narrow temperature range. This range 

4* 

is extended by substitution of more Ti until , with an addition of 
5 or 6 at the ferroelectric phase persists from room temperature to 
the Curie point. Jaffe(45) found that the antif erroelectric 
Pb(J5rSn)0_ compositions may also be modified by Ti substitution 

O 

for (ZrjSn)^*, and that in this case the temperature interval in which 
the ferroelectric and antif erroelectric states are of nearly equal 
energy is markedly wider than in compositions not containing Sn * 

.4 

It has been shown that the substitution of substantial amounts of Ti 
for “I (Sawaguchi (44) ) f for Fb^ (Shirane et al(46))* or 

Nb^ for Ir^* (Be rl incourt et al(47 }) brings about a ferroelectric 
rhombo hedr al phase# The substitution of Sn for (Zr f Yi) in 



Fb(Zr,Ti)6g lowers the distortion of the ferroelectric rhombohedral 

phase and reduces the volume difference between the ferroelectric and 

antiferroelectric phases (Jaffe et al(48)). Nb^* as an excess-valency 

4*# r 

substituent for Zr increases’ the volume resistivity and generally 
reduces the coercive electric fields (Jaf fe(49)). 

The stability of phases in modified Lead Zi rconate system was 
studied in detail by Be rl incourt and his coworkers(Berlincourt et al(50)). 
They studied the phase diagram of the system 

Pb. Nb ( (Zr. Sn ), Ti ), ft. 

l-«5s z 1-x x' 1-y y 'l-z 3 

for z * 0.01 and 0*02, y =» 0»0 to 0*1 and x « 0.0 to 0*5. 

¥hese phase diagrams were determined from the plots of dielectric constants, 
thermal expansion and remanent polarisation as functions of temperature. 
They also studied the pressure enforced ferroelectric— antiferroelectric 
transition with and without different biasing fields for many compositions 
in these systems. 

These phase diagrams differ slightly for increasing and decreasing 
temperature. This is because of the fact that the transition from the 
ferroelectric to antiferroelectric phase and vice versa depends upon the 
free energy difference between the two phases and hence sometimes poling 
might be required to get back the ferroelectric phase if the transition 
while cooling is from antiferro to ferroelectric phase. A typical phase 
diagram for (Zr #| .Sn Ti y )^ g 0 3 is as shown in Fig. 2, 

for increasing temperature. 
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Till now no work has been done on the Mossbaner effect in 
ferroelectric-antiferroelectric transition. Further, there is no 
valid theoretical model which predicts such transition in perovskite 
compounds. Only Krainik(5l) has made a systematic analysis of the 
f erro-anti f er ro transitions in a series of perovskite compounds. He 
explains the onset of antiferroelectricity from f erroelectricity on 
the basis of the reduction in the ionic polarizability of the oxygen 
ions which is shown to be due to the reduction in the B-0 distance 
in the ABO^ compounds at th§ ferro-antiferro transition, on the 
assumption that the size of the B ions remain the same after the 
transition in which there is a volume contraction. However, how fdr 
such a change in oxygen polarizability facilitates anti f e r ro el ect rici ty 

rather than the continuation of ferroelectricity is not clear. Further, 
in view of the far reaching success of the lattice dynamical theory 
of Cochran and others in explaining the ferroelectric-paraelectric 
and anti ferroelectric-paraelectric transitions, it is thought that a 
study of the Mossbauer line intensity around the f erro-anti ferro transition 
pight give some clue for a lattice dynamical model of such a transition. 

The other objectives are, the measurement of the field gradient at the 
tin site and the Isomer Shift as a function of temperature. The compound 

chosen 1. rh^. 02 ((Zr, 6 S ”.6 ) .88 Ti .12>.98°3- Tlli ' h “ 

that all the transitions, namely, f erro-antif erro-paraelectric occur at 

comparatively low temperatures, i. e. , less than 125° C* This is quite 

119 

important in view of the fact that the recoilless fraction for Sn is 
considerably smaller than for Fe * 
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5.1 SAMPLE PflSPAB&IIUN 

The sample used in the present study was kindly supplied by 
the Clevite Corporation, U.S.A. It was prepared in the following way. 

The various constituents, namely, PbO, ZrQg, SnOg, TiOg and Nbg© 5 
were taken as per formula weight and drymixed. They were then mixed 
thoroughly under acetone and homogenised at 900° C for three hours. 

The homogenised sample was again pulvarised and mixed thoroughly under 
acetone. Then it was sintered at 1300° C for two hours in PbZiOg 
atmosphere, to take care of the loss of FbO because of its high 
volatality, in the form of pellets of 12 mm dia. and 1 ram thickness. 

The X ray diffraction pattern of the supplied sample showed 
extinctions characteristic of a rhombohedral lattice. No detailed 
study for the determination of the accurate cell parameters was made, 
as it was not necessary in the present study, in the absence of the 
knowledge of the accurate position of the various ions constituting the 
lattice. 

5.2 THM&SAL EXPANSION MSASTOaiBNTS 

Fig. 3 is the reported thermal expansion data of Berlincourt(50) • 
It is reproduced here just to emphasize that for the particular composition 
used in the present study, the low temperature, ferro-antif erro, transition 
is a reversible one. As might he expected, there is a volume contraction 
at the ferro-antif erro transition and volume expansion at the antiferre- 
paraelectric transition. 



LINEAR THERMAL EXPANSION OF 

Pb 99 if 2 r 5 Sr } s ) BQ Ti; 2 j.98 Nb G2°3 
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5*3 DimECTBie MBASUBBMBNTS 


The dielectric measurements wSre made with silver electroded 
pellets* using a General Badio Type 718*43 capacitance bridge* at 
1 Kc/sec. The values of the dielectric constant at various temperatures 
is given in Table 1. The variation of the dielectric constant as a 
function of temperature is shown in Fig. 4. 

The sample was heated at the rate of about 10° C/hour and using 
an Blectromax controller, fairly good control of temperature was obtained. 
The temperature fluctuations were never more than + 1° C. As reported by 
Berlincourt(50) the two transitions, namely, ferro-antiferro and 
anti ferro— para ( rail ti pie cell) are seen in Fig. 4 in the form of dielectric 
anomalies at the two transition temperatures, i.e., around 95® C and 120® C 
respectively. The slight departure in the observed transition temperatures 
(97® C and 121.5° C) from the reported values is likely to be< because of 
the fact that our measuring thermocouple was not quite near the sample 
inside the dielectric cell. 

5.4 HTSTgBBSIS MMSUEffiSNTS 

Using the modified Sawer-Tower circuit (Fig. l), we observed 

the hysteresis loop. The oscilloscope was calibrated in the way suggested 

by S.A. Sack(52). The room temperature hysteresis is shewn in Fig* 5# 

The room temperature values of coercive field and spontaneous polarisation 
are respectively » 5*0 KV/c® and * 27 micro— coulomb/ cs * They 

agree fairly well with the reported values of Berlincourt (B^ ~ 5KV/cm and 

P m 28 micro— coulomb / cm^) ♦ On heating the sample above 95° C double loops 

S'" 

were observed in the antiferroelectric region (Fig. 5). On cooling the 
sample hack to room temperature, the original single hysteresis loop was 
observed thereby confirming once again that the first transition is a 


reversible one. 



FIG. 5 

HYSTiEiffgSIS LGOFS 


5*5 MOSSBAUEB EFFECT 
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The Mossbauer effect measurements in the powdered sample were 
carried out aging a constant velocity, load— speaker driven unit* A 
simple block diagram of the set up is shown in Pig. 6. 

By changing the amplitude of the triangular pulses from the 
frequency generator with a potentiometer device, the frequency of 
vibration of the loud-speaker diaphragm and hence the velocity ofthe 
source attached to this diaphragm is changed. The synchronous pulse 

emitted every one cycle from the frequency generator is utilised in 

. . '■ ** 

providing the necessary delay timings to the Gate circuit, so that only 

for a part of the positive and negative motion of the waves, counts are 

registered. This is essential to take care of any slight deviation of 
the pulses from being strictly triangular. For the present study, 
the frequency used was 13 cycles/sec and hence the width of the positive 

and negative regions is 38 milliseconds each, as shown in Fig. given 
below. 


In ihis case only for about 18 milliseconds in each region the counts 
were registered. 
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The velocity scale was first calibrated by using a Fe source 
and a Fe 57 enriched iron foil absorber. The source used in the present 
study was S* 119 in palladium. The *f* factor for this source is 0*4 and 
the half width observed with tin foil absorber was about 1*0 mn/sec. 

The sample was sandwiched between two Be foils using two cooper 

blocks, the dimensions of which are shown in Fig. 7. The thickness of 
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th« absorber aoed ... .boot 0.005 ioeho,. Eoriog each ™ of the 
spectrum, at each velocity (both pooitiy. aod negative) count, .ere 
registered for 5 minutes. 

S»S.l Furnace A ssembly 

Though the sample had just to be heated in ambient atmosphere 

to study the Mossbauer effect as a function of temperature, to facilitate 

multipurpose use in future, a vacuum furnace was designed and fabricated. 

The design of the furnace with the sample holder is shown in Fig. 7. 

The winding material used was Kanthol D and the total resistance of the 

wire used was about 40 ohms. As the winding space available on the 

muffle was only 3 , it was made into a coil of l/8" dia. and the resulting 

coil was wound. To prevent shorting, the cementing material used was 

al unduos . Two thermocouples, one for controlling the temperature 

and the other for measuring the exact temperature of the specimen were 

provided as in Fig. 7. For better temperature control the control 

thermocouple was placed just outside the furnace coil. For one full scan 

of +5 rnm/sec. to -5 nm/sec., which took about 6 hours, with an ^lectromax 
controller and a 100 watt bulb in series with the furnace, temperature 

fluctuation was never more than + 1° C» Two stainless steel radiation 
shields were provided to minimize the radiation losses (Fig. 7). The 
temperature gradient along the furnace, around its centre, was less than 
a deg. Cent, over a region of about f". Cooling coils were provided 
over the body of the furnace and the two end flanges to protect the 
source, which was quite close to one of the Be windows, from getting 
heated up. The system was tested for leakage with a Helium Leak Detector 
and was found to give a vacuum of about 30 microns with just a mechanical 


pomp 









5*5.2 Curve Fitting 


The Mossbauer spectra obtained at various temperatures are 
shown in Figs. 8 to 13. To reduce the scattering each run was repeated 
at least sis times. In spite of many runs some amount of scattering 
would always be there due to the voltage fluctuation or other fluctuations 
associated with the electronics of the set up. So to get reasonably 
accurate parameters from the experimental spectrum, a least square 
analysis of each set of experimental data was carried out. 

The computer programme suggested by Rhodes et al(53) for 
use in CDC 3600 computer was suitably modified for use in IBM 7044 
computer. The principle of the analysis is as follows. 

We assume that the Mossbauer spectrum can be fitted to 
N A 

7 « H ( — V „ ) + F + Gx + Ex (5.1) 

0-1 1. C ~ c .i) 2 

B* 

J 

where x is the channel number, N is the number of l«orentzian shapes 

with peaks at C' , heights A. and Bt' is the square efotfae half width 

V J J 

at half maximum. To take care of the deviation from the strictly 
Lorentzian variation at the wings of the spectrum, the nonlinear term 
F + Gx ♦ Hx^ is introduced. 

It is assumed that 

C' - C . + ). where C . V> ). (5.2) 

J J J J J 

and % 

Bt » B . ♦ where B^ » (5.3) 
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Substituting eqns. (6,2) and (5«3) in eqn. (5.l) and keeping only the 
first order terms in ) . and [*., 



Expanding (5*4) in a Taylor series about ) * p * 0 to first order , 
and defining the parameters D. etc. as. 


D j ’ “j h V *} - -*j Pj 

p ij ■ “ d “ij ■ 1 ♦ B j (i i 


we find, to obtain a least square fit, that the following equation 
should be a minimum, i.e.» 



... (5.5) 


^ 0 

The constraints in (5.5) for the minimum of (5.5), namely, gj- . ° 

yield 3n-*-3 linear equation in 3n+3 unknown fit parameters A^, ,Bj, F, 
G and H. The above 3n+3 equations are then solved for Ay Dj by 

Gauss method. From the A.., and BL, ^ and are obtained. 

Inserting these in eqn. (5*4) the new *s and * s are 
C (new) - C . (old) + /. etc. The procedure is repeated for a new 
solution. This iteration may be continued until the desired accuracy 
is obtained. The error analysis of the various parameters is done in 


the usual way 
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jj gSHMTS AbtD DISCUSSIONS 
6.1 SMJTTIWfi 

The room temperature spectrum is given in Fig. 8. The 
observed width for a single line spectrum was considerably larger 
than the natural line width observed for the geometry of the present 
»et up. The line broadening in this case can be due to the following 
reasons; (a) due to the superimposition of the unresolved quadrupole 
partners, which should be observed for the present case since the 
symmetry of the lattice is lower than cubic, and, or, (b) because of 
the cationic vacancies introduced due to the presence of Nb^ ions. 

The effect of cation vacancies in KCl has been studied by DeCoster 
©t ffll { o>4) . Ab per their observation, because of the interaction 
between the cation vacancy and the Uossbauer ion, a quadrupole splitting 
or a line broadening if the quadrupole partners are not resolvable would 
result. In such a case the splitting or the broadening would be 
temperature independent. The reasoning (b) is more unlikely because 
of the facts that only about .02 mole $ of the Nb is doped in the 
compound and that the line width is not temperature independent. The 
existance of tin in a lower valence state instead of the quadrivalent 
state and hence the introduction of anion vacancies is unlikely because 
the observed Isomer Shifts, referred to the systematics of Kistner et al(27), 
essentially correspond to the quadrivalent tin. Here again the introduction 
of anion vacancies would lead to line broadening, in case the quadrupole 
splitting introduced because of them are not resolvable, and would he 
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temperature independent as shown by Bhide ®t al(55) for the case of 
1 mole $ of Fe in BaTiO. absorber. 

Thiis the reasoning (a) is substantiated by the decrease in 
the observed line width from 1,28 mm/sec + .05 mm/sec at 25® C to 
about 1.06 mm/sec + .05 mm/sec at 95® C, above which it oscillates 
within a range of + .05 ma/sec which can be assigned to the statistical 
deviations inherent in the present measurements . The values of half 
widths at various temperatures are given in Table 2. The half width 
in the cubic phase at 165° C is 1.04 mm/sec + .05 m/sec which agrees 
well with the natural line width observed for the present set up. A 
least square analysis of the room temperature data showed that the 
room temperature spectrum is a doublet of unequal intensities, with a 
separation of about 0,40 mm/sec + .05 mm/sec. For randomly oriented 
crystallites, as in the present case when powdered sample was used, 
one would expect the two quadrupolar lines to be of eqnal intensity. 
However, as shown by Goldanskii et al(56) and Kagan(57) the anisotropy 
of the Lamb-Mo e sbaue r factor in a rhombohedral lattice is bound to 
introduce changes in the observed line intensities. Hence it is 
surmised that the observed assynanetry in the line intensities is likely 
to be due to the reasoning of Goldanskii and others. 

Our present observation regarding the resolution of the 
quad ru pole partners in the ferroelectric, perovskite, compound containing 
tin is at variance with the findings of the Kussian workers(38). They 
argue that because the quadrupole moment of Sn is about 3 fold 
smaller than that of Fe 57 , the splitting AS would be reduced by 
3 orders of magnitude in the case of Sn 119 as compared with Fe for 
the same field gradient, under the assumption that the antishielding 
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q« 1*02 x 10 eso/cia * Sice© in the powdered sample poling is ruled 
out|, the sign of q could not be determined* The calculated q value 
in this case is about twice that in BaTifiu (fief* 32) • The room 
temperature spontaneous polarisation (P p m 27 micro-coulomb/cm^ ) 
measured in the polyciystalline sample is about the same as that found 

mt 

in BaTiOg single crystals (P g » 26 micro~coulomb/cBi )• Since the 

porosity in the ceramic specimens lowers the measured P values to 

8 

a great extent, it may be concluded that the P g value in the single 

crystal of the present compound would be considerably greater than that 

in BaTiOg single crystal* Thus the result that the present q value 

is about twice that in BaTiOg is interesting in the light of the 

2 

observation that AE. follows closely the variation of P with temperature 
in BaTiOg , by Bhide et al(32). 

In the high temperature runs since the absorption and 
quadrupole splitting decrease the theoretical resolution could not be 
carried out, 

6.2 ISOMBB SHUT 

The Isomer Shift for the room temperature spectrmn relative to 
white tin was found to be —2*65 mm/sec + «05 mm/sec* This is quite 
close to the Isomer Shift of Shf' 4 relative to white tin (-2*77 am/sec)* 
Irom electronegativity and ionic character correlations, Shirley (69), 
hs » come out with a value for the ionicity of ShE^ as about 85jt and 
that tin is essentially in Sn 4 * state in SnF 4 * Shirley’s analysis 
regarding the variation of Isomer Shift with electronegativity and with 
percentage ionic character (on the basis of Pauling model ) (l»ltW) of 
the binding suggests that the present compound is largely ionic in nature 


with aji ionicity of about 70 + 20^. From the systematica of Kistner 
et al(27) it is again evident that the charge state of the present 
Mossbauer ion is quadrivalent and that the binding is largely ionic* 

These results again revalidate the earlier conclusion that the broadened 
line observed at room temperature may not be due to the association of 
charge compensating vacancies in the lattice* 

The Isomer Shift values at different temperatures are given in 
Table 2. Since the counts were recorded only at every 0.1 mm/sec the 
error introduced in the final Isomer Shift values is about * .05 mm/sec. 
The volume anomalies at the two transitions are relatively small when 
compared to the volume anomaly in BaTiOg (l20* C) transition or in 
PbZrOg (230° C) transition. Under these circumstances, the changes in 
Isomer Shift associated with these transitions could not be fixed. The 
general increase in the Isomer Shift in the negative side with temperature 
is precisely due to the second order Doppler Effect. 

6.3 M0SSMUK1 LINE INTENSITIES 

The Mossbauer line intensities at various temperatures were 
measured in the following way. The Mossbauer line intensity, assuming 
a Lorentzian line shape, is given as l> 1^ ^ where T~| * 8 

half width at half maximum and I is the maximum intensify A. 

nlf*X 

(eqn. (5.l)). Since the base line for each run is different, the areas 
calculated directly from the spectra would he in error because of the 
fact that the value of depends upon the value of the base line for 

the same percentage of absorption. Hence for each run using eqn. (h.l) 
tb. b... line >aa calcolatad for the lin.l .cerate para.et.re. For all 
apactra, the iadiridual area, were delated neiag tb. r.»pactire A.. 




corresponding to a base line of 100. The resulting areas were normalised 
with respect to the area of the room temperature spectrum. The various 
values of f T /f 2g for different temperatures are given in Table 3. 

Their variation as a function of temperatuee is depicted in Fig. 14. 

It is interesting to note from Fig. '14 that there are anomalous 
changes in the intensity around the two transition temperatures. As per 
Dvorak s qualitative treatment, we find an anomalous decrease in the line 
intensity at the para-anti ferroelectric transition at 120° C. However, 
here the relative intensity anomaly is not that much as in the ferroelectric 
transition reported earlier (Bef. 32, and 37). Actually as per Dvorak's 
explanation on the basis of Silverman’s model one would expect a relatively 
larger intensity anomaly in a para-anti ferroelectric transition than in a 
para-ferroelectric transition. However, it should be noted that the 
Mossbauer ion in this case is Sn A ^ tf and in the earlier ferroelectric 
cases (Bef . 32, aM, 37) was Fe 5 ^ and that the mass of tin ion is about 

twice that of iron. Hence during the excitation of the whole branch of the 
anomalous mode in a para-antiferroelectric transition, it is quite likely 
that the reaction of the heavier ions would he relatively smaller than 
that of smaller ions, which means that the relative changes in intensity 

of the Mossbauer line around such transitions would depend on the 
characteristics of the probing ion used. It may he mentioned here that 

the observed relative anomaly in %/* room t^p. * or doped BaTiOg 
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case, around the transition temperature, compared to that Fe doped 
BaTiOg (Bef . 36) is in line with the above argument*. 

The observation of an anomaly in F f^/ f gg ferro— antiferro- 

electric transition evokes new interest for future work. In the absence of 
a lattice dynamical model explaining such a transition we can make only the 
following qualitative statement. The short wave part of the transverse 






optical modes in the materials which exhibit ferro-antiferroelectric 
transition might be strongly temperature dependent because of the 
long range coulomb interactions* Baring the f er ro-anti ferroelectric 
transition these modes might be excited and hence lead to an anomalous 
decrease in the Hossbauer line intensity. To get the exact nature of 
the changes taking place around the transition, it is necessary to 
derive an exact model which would predict such a transition, which is 
beyond the scope of the present work. 

Thus we may conclude that our observations are in concurrence 
with the Silverman model of antiferroelectricity, and that further studies 
in Fe*^ and Sn*^ containing simple perovskites exhibiting the 
ferro-antiferroelectric transition would pave the way for an exact lattice 
dynamical approach to such transitions . 



‘TABLE 1 

VALUES OF DIELfiCTAIC CONSTANT AT DIFRBEENT TEMESBATUBES 


Temperature 
in °C 

Dielectric 

Constant 

Temperature 
in °C 

Dielectric 

Constant 

30 

481 

102 

2384 

44.5 

617 

103 

2394 

54 

705.3 

104 

2432 

64 

819.4 

109.5 

2575 

67 

922.6 

114.5 

2938 

74 

1052 

115.5 

3240 

80 

1234 

116.5 

3410 

84 

1418 

118.5 

3829 

87 

1516 

121.5 

3965 

88.5 

1603 

122 

3953 

91 

1763 

123 

3934 

92 

1926 

124 

3896 

93 

1976 

125 

3836 

93.5 

2107 

126 

3758 

95 

2247 

137 

3166 

97 

2454 

140 

3161 

98 

2413 

146 

2845 

99 

2384 

155 

2748 

100 

2373 

170 

2424 

101 

2371 

190 

2175 




M 2 


ISOMEB SHIFT AND HALF WIDTH VALUES AT DIFFEMNT 

T&ffigMTUBBS 


Temperature 
in °G 

Isomer Shift in 
nm/sec + *05 mm/sec 

(relative to white 
tin) 

Half Width in 
nan/sec + .05 ran/sec 

25 

-2.65 

1.28 

60 

-2.69 

1.20 

85 

-2.73 

3.12 

90 

-2.67 

1.07 

95 

-2.75 

1.06 

100 

-2.78 

1.08 

110 

-2.75 

1.07 

115 

-2.74 

1.06 

120 

-2.79 

1.08 

125 

-2.73 

1.06 


165 


-2.83 


1.04 
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